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Description 

Electroactive Polymer Actuator Braille 
Cell and Braille Display 

Background of Invention 
[0001] CROSS-REFERENCE TO RELATED APPLICATIONS 

[0002] This application claims priority from U.S. provisional ap- 
plication Serial No. 60/449,143 entitled: "Fabrication of 
Full Page Braille Display Using the Self Supporting and Hy- 
draulic (SSH) System in the Braille Cell Based on the Bend- 
ing Mechanism of Electroactive Polymer Actuator", filed 
February 24, 2003. 

[0003] BACKGROUND OF INVENTION 

[0004] The present invention relates to Braille and graphic dis- 
plays for providing individuals with visual impairments a 
means to access media through the use of tactile devices. 

[0005] Prior art in the field of Braille displays for computer inter- 
faces utilize various mechanisms to actuate the Braille 
dots and refresh the text. Actuators known in the art 



comprised of piezoelectric materials, shape memory alloys 
and solenoids control the Braille dots. These actuators 
serve to raise and lower the individual pins to represent 
the Braille characters. The Braille cell displays utilizing 
these actuator technologies are limited to the display of 
one or two lines. The size and complexity of the actuators 
and the tight tolerance requirements for the Braille dots 
limits the number of Braille characters that can be pre- 
sented simultaneously. These Braille cell devices known in 
the art also exhibit high power requirements, slow refresh 
rates and complex manufacturing processes. 

[0006] Que to the limitations inherent in the Braille cells available 
to construct Braille cell displays, current technology pro- 
vides for Braille displays that are limited to a few lines as 
displayed on a computer screen at one point in time. It is 
advantageous to be able to provide a reader with a full- 
page Braille display representing an entire screen. The 
fabrication of a full-page Braille display will allow the 
reader to access both character and graphic information. 

[0007] Electroactive polymers are known in the art. These poly- 
mers respond to external electrical stimulation by display- 
ing a significant shape or size displacement. Electroactive 
polymers have the ability to induce strains that are as high 



as two orders of magnitude greater than the movements 
possible with rigid and fragile electroactive ceramics, such 
as piezoelectric materials. Electroactive polymers inher- 
ently exhibit quicker response times, lower densities and 
improved resilience when compared to shape memory al- 
loys. Two major categories of electroactive polymers are 
identifiable based on their driving mechanism. Electronic 
electroactive polymers are driven by the Coulomb forces 
resulting from the electric field applied, while ionic elec- 
troactive polymers are driven by the mobility or diffusion 
of ions. 

[0008] A need exists for a refreshable Braille display that over- 
comes the prior art limitations by providing a tactile array 
that can give readers access to full computer generated 
screens of text and graphical information in real time. Ac- 
cordingly, an improved Braille cell is needed that will allow 
the construction of a full Braille cell display. The Braille 
cell needs to have a quick response time, be compact in 
size, operate under low power, and be lightweight while 
still providing the necessary tactile response to the reader. 

[0009] However, in view of the prior art considered as a whole at 
the time the present invention was made, it was not obvi- 
ous to those of ordinary skill in the pertinent art how the 



identified need could be fulfilled. 
Summary of Invention 

[0010] jhe longstanding but heretofore unfulfilled need for a 

Braille cell that exhibits desired characteristics superior to 
Braille cells known in the art is now met by a new, useful, 
and nonobvious invention. 

[0011] The present invention provides a Braille cell being of com- 
pact design and having low power consumption. The 
novel Braille cell is based on the bending characteristics of 
electroactive polymers to provide hydraulic actuation of a 
Braille dot. As such, the bending mechanism of the elec- 
troactive polymer actuator is transferred to the linear mo- 
tion of the Braille dot. Additionally, to reduce power con- 
sumption, a latching and support mechanism is provided. 

[0012] In accordance with the present invention is provided a 

Braille cell having a substantially fluid-tight housing, the 
fluid-tight housing further comprising a tactile member 
cover, a tactile member in the housing, the tactile member 
being movable between a neutral position at which the 
tactile member is substantially flush with the tactile mem- 
ber cover and is not palpable and a reading position at 
which the tactile member is extended beyond the tactile 
member cover and is palpable, a support member in the 



housing for supporting tlie tactile member when the 
member is in the reading position, and an actuator inte- 
grally connected to the support member for moving the 
tactile member between a neutral position and a reading 
position through the displacement of fluid within the sub- 
stantially fluid-tight housing. The actuator is actuated by 
an electrical voltage and further includes an electroactive 
polymer, which bends upon application of an electrical 
voltage, the bending of the electroactive polymer, to dis- 
place a fluid volume within the housing is sufficient to 
move the tactile member between a neutral position and a 
reading position. Additionally, the bending of the elec- 
troactive polymer is sufficient to move the support mem- 
ber to support the tactile member when in the reading 
position. 

[0013] In an embodiment of the present invention, the novel 
Braille cell includes a substantially fluid-tight housing 
having a top end and a bottom end, an opening in the top 
end of the housing is fluidly sealed with a flexible di- 
aphragm, the flexible diaphragm has a topside and an un- 
derside. Additionally, at least two support blocks and a 
stabilizer block are positioned at the bottom end of the 
housing. The stabilizer block is positioned between the 



two support blocks. An actuator rod having a top end and 
a bottom end is provided, whereby the top end of the ac- 
tuator rod is secured to the underside of the flexible di- 
aphragm and the bottom end of the rod is secured to the 
stabilizer block. At least two electroactive polymer bend- 
ing elements are included, each element having a top 
edge and a bottom edge. The bottom edge of each of the 
electroactive polymer bending elements is secured to one 
of the two support blocks and the top edge of each of the 
electroactive polymer bending elements is secured to the 
housing. 

[0014] In an additional embodiment, the housing of the novel 
Braille cell further includes, two substantially continuous 
sides and two windowed sides, the windowed sides fur- 
ther having a support strip positioned to establish a top 
aperture and a bottom aperture. In one embodiment, the 
two continuous sides are positioned opposite each other 
and the two windowed sides are positioned opposite each 
other in the housing, thereby providing a substantially 
rectangular housing. Additionally, four electroactive poly- 
mer bending elements are provided, each of the four elec- 
troactive polymer bending elements are positioned to 
cover one of each of the top aperture and the bottom 



aperture of the two windowed sides, wlierein one edge of 
each bending element is secured to the support strip. 

[0015] The Braille cell further includes a Braille dot positioned on 
the topside of the flexible diaphragm. 

[0016] The electroactive polymer bending elements in accordance 
with the present invention include an electroactive poly- 
mer layer secured to a substantially rigid layer. The elec- 
troactive polymer layer may be an electronic electroactive 
polymer such as a poly vinylidene fluoride (PVDF) or an 
ionic electroactive polymer such as an ionomeric polymer 
metal composite (IPMC). Additional electroactive polymers 
known in the art are also within the scope of the present 
invention. To supply the voltage necessary to activate the 
electroactive polymer, the electroactive polymer layer fur- 
ther includes a plurality of photo lithographed microelec- 
trodes. The microelectrodes are placed in alternating 
fashion having a common positive bus and a common 
negative bus. A switchable power supply is provided in 
circuit communication with the microelectrodes of the 
electroactive polymer bending element. The switchable 
power supply delivers a voltage to the microelectrodes 
sufficient to result in the bending of the electroactive 
polymer bending element. 



[0017] In an additional embodiment, the housing is filled with a 
fluid. The fluid provides a pressure medium with which to 
deform the flexible diaphragm. Water, in addition to a va- 
riety of fluids are within the scope of the invention. The 
viscosity of the fluid affects the reaction time of the Braille 
dot. 

[0018] In an embodiment of a full-page refreshable Braille dis- 
play apparatus in accordance with the present invention, 
is provided a plurality of Braille cells, each Braille cell in- 
cluding a substantially fluid-tight housing, the fluid-tight 
housing further comprising a tactile member cover, a tac- 
tile member in the housing, the tactile member being 
movable between a neutral position at which the tactile 
member is substantially flush with the tactile member 
cover and is not palpable and a reading position at which 
the tactile member is extended beyond the tactile member 
cover and is palpable. A support member in the housing is 
included for supporting the tactile member when the 
member is in the reading position, and an actuator is in- 
tegrally connected to the support member for moving the 
tactile member between a neutral position and a reading 
position through the displacement of fluid within the sub- 
stantially fluid-tight housing. The actuator is actuated by 



an electrical voltage and further includes an electroactive 
polymer which bends upon application of an electrical 
voltage, the bending of the electroactive polymer dis- 
places a fluid volume within the housing sufficient to 
move the tactile member between a neutral position and a 
reading position, the bending of the electroactive polymer 
is sufficient to move the support member to support the 
tactile member when in the reading position. 

[0019] An important advantage of the present invention is that 

the novel Braille cell disclosed is very compact, thereby al- 
lowing the fabrication of a full-page Braille display able to 
demonstrate both character and graphic information. 

[0020] An additional advantage of the present invention is the 
reduction in power requirements for the Braille cell. The 
combination of the electroactive polymer actuator and the 
stabilizer and support blocks provides a hydraulic and 
latching mechanism that provides an over 30 gram sup- 
porting force for the Braille dot. The power consumption 
is very low because the latching action of the stabilizer 
block and support members provides the large supporting 
force for the Braille dot. The power required to drive the 
electroactive polymer bending elements to generate the 
pressure to push up the diaphragm is relatively low and 



the supporting force is then supplied by the support 
members. 

[0021] Another advantage of the present invention is the realiza- 
tion of a less than 100 ms response time. This response 
time can be achieved because the response time for the 
electroactive polymer bending elements is in the range of 
milliseconds due to the characteristics of the electroactive 

polymer. 
Brief Description of Drawings 

[0022] For a fuller understanding of the invention, reference 
should be made to the following detailed description, 
taken in connection with the accompanying drawings, in 
which: 

[0023] FIG. 1 is a diagrammatic view of the housing of the Braille 
cell in accordance with the present invention. 

[0024] FIG. 2 is a diagrammatic view of the Braille cell in accor- 
dance with the present invention. 

[0025] FIG. 3 is a diagrammatic view of the operation of the 
Braille cell in a palpable state in accordance with the 
present invention. 

[0026] FIG. 4 is a diagrammatic view of the operation of the 

Braille cell in an impalpable state in accordance with the 
present invention. 



[0027] FIG. 5 is a diagrammatic view of tlie construction of tlie 
electroactive polymer bending element in accordance with 
the present invention. 

[0028] FIG. 6 is a diagrammatic view of the Braille cells on the 
present invention incorporated into a Braille display as- 
sembly. 
Detailed Description 

[0029] In the following detailed description of the preferred em- 
bodiments, reference is made to the accompanying draw- 
ings, which form a part hereof, and within which are 
shown byway of illustration specific embodiments by 
which the invention may be practiced. It is to be under- 
stood that other embodiments may be utilized and struc- 
tural changes may be made without departing from the 
scope of the invention. 

[0030] The supporting force required for a Braille dot within a 

Braille display is approximately 30 grams. This supporting 
force is sufficient to provide the reader with a comfortable 
tactile feel. Concurrently, an approximately 0.7 mm dis- 
placement for the Braille dot insures that the dot will be 
palpable by the reader. Thees requirements must be met 
within less than an approximately 100 ms response. 

[0031] The present invention provides a Braille cell based on 



electroactive polymer actuator technology, which over- 
comes the limitations of the piezo electric ceramic (PZT) 
Braille cell commonly used in the art. It is known that the 
strain of the PZT material is small, and therefore a long 
lever type bimorph is required to make an actuator using 
PZT technology to move the Braille dot. The long lever bi- 
morphs required a significant amount of space. Due to the 
large space requirements, there is a limitation to how 
many PZT Braille cells can be incorporated into a Braille 
display. The Braille cell of the present invention over- 
comes the size limitations associated with PZT Braille 
cells. 

[0032] The present invention utilizes electroactive polymer actu- 
ators. Due to the inherent characteristics of the electroac- 
tive polymer active material, a large displacement can be 
obtained that will move the Braille dot. Additionally, the 
electroactive polymer is light weight and the power con- 
sumption is very low. As such, the light, compact and 
electrically efficient Braille cells in accordance with the 
present invention allow a full page Braille display to be 
fabricated. Additionally, modern microelectronic process- 
ing technology can be used to manufacture the devices. 

[0033] vvith reference to Fig. i, in an exemplary embodiment of 



the Braille cell in accordance with the present invention, 
the device includes a rectangular fluid-tight housing ij, 
the fluid-tight housing having two substantially continu- 
ous sides 20 and two windowed sides further including a 
support strip 25, the positioning of the support strip re- 
sulting in a top aperture 30 and a bottom aperture 35 for 
each windowed side. An opening exits in the top end of 
the housing 40. The opening is dimensioned to accommo- 
date a Braille dot. 
[0034] vvith reference to Fig. 2, the Braille cell is shown with one 
continuous side displaced. The Braille cell further includes 
a flexible diaphragm 45 positioned to cover the opening in 
the top of the housing. A rubber membrane, a preformed 
membrane or other means of providing a flexible di- 
aphragm are within the scope of the invention. Four elec- 
troactive polymer bending elements 50 are positioned to 
cover the top aperture and bottom aperture of each win- 
dowed side. One edge of each bending element is secured 
to the support strip and the other end secured to the 
housing. Additional fluid-tight membrane material en- 
closing the housing establishes the fluid tight condition of 
the housing. The housing contains, a gas, or water or an- 
other appropriate liquid or gas to serve as the pressure 



transferring medium. A novel latcliing meclianism with 
two supporting blocl<s 55 attaclied to tlie electroactive 
bending elements 50 and a thin actuator rod 65 attached 
at one end to the flexible diaphragm 45 and at the other 
end to a stabilizer block 60 provides over 30 grams of 
supporting force with which to support the Braille dot. As 
such, the Braille cell apparatus transfers the bending of 
the electroactive polymer actuator into the linear motion 
of the Braille dot. 
[0035] The 30 grams supporting force for the Braille dot is nec- 
essary only when the reader is palpating the Braille dot. 
The force that is needed to move the Braille dot to a read- 
able position is much less than 30 grams. Based on this 
observation, a novel hydraulic and latching mechanism is 
employed to make a Braille cell that can provide 30 grams 
supporting force to give the reader a comfortable feeling 
when brushing their finger tip on the Braille dot. As shown 
with reference to Fig. 3, the four electroactive polymer 
bending elements 50 are fixed at the supporting strip 25 
at two sides. As shown, upon application of an electric 
field, the top of the bending elements covering the top 
aperture 30 can bend towards the inside and the outside 
of the housing and the bottom of the bending elements 



covering the bottom aperture 35 can also bend towards 
the inside and the outside of the housing. The four bend- 
ing elements are attached to a rubber membrane or pre- 
formed membrane 70, which is used to seal the housing. A 
gas or a liquid, such as water or other liquids, may be 
used to fill up the housing to serve as the pressure trans- 
ferring media. Additionally, a gas may also be used to fill 
the housing to serve as the pressure transferring media. 
The actuator rod 65 is attached to the bottom of the flexi- 
ble diaphragm 45 to seal the opening 40 at the top of the 
housing. The stabilizer block 60 is secured to the bottom 
of the actuator rod 65. The support blocks 55 are secured 
to the bottom edge of the electroactive polymer bending 
element 50 covering the bottom aperture 35. The Braille 
dot 75 is positioned on top of the flexible diaphragm. Fig. 
3 in combination with Fig. 4 illustrates the working se- 
quence of the Braille cell based on the bending of the 
electroactive polymer. At a first step, as shown in Fig. 3, 
the four bending elements 50 will bend towards the inside 
the housing when power is applied. As the bending ele- 
ments bend towards the inside, pressure will be exerted 
on the liquid or gas, which will then push up the flexible 
diaphragm 45 at the opening on the top of the housing 15. 



The movement of the flexible diaphragm 45 will result in a 
movement of the actuator rod 65 and subsequently the 
stabilizer block 60. Concurrently, the two supporting 
blocks 55 which are secured to the lower part of the bend- 
ing elements 50 and will move towards the center of the 
housing. Upon sufficient displacement of the fluid, the ac- 
tuator rod 65 secured to the bottom of the flexible di- 
aphragm 45 will rest on the two supporting blocks 55. The 
height of the supporting blocks is sufficient to provide the 
support required for the Braille dot. Therefore a very large 
supporting force can be generated while keeping the 
Braille dot at its ideal latching position because the two 
support blocks underneath support the actuator rod. The 
bending angle of the electroactive polymer bending ele- 
ments can be calculated by solving the equation in which 
the volumetric change caused by the removal of the vol- 
ume of the liquid or gas inside the cavity and the volu- 
metric change caused by the inflation of the rubber mem- 
brane on the top of the cavity are equal. 
[0036] At a second step, as shown in Fig. 4, when the power ori- 
entation supplied to the bending elements 50 is switched, 
the four bending elements will bend towards the outside 
of the housing 15. As such, a negative pressure will be 



generated inside tlie housing. The combination of this 
negative pressure and the pressure from the flexible di- 
aphragm will move the Braille dot to its rest position. The 
two supporting blocks 55 will be moved away from the 
center of the housing i5 and the actuator rod 65 will drop 
back to its rest position. 

[0037] jhe combination of the first and second steps of the op- 
eration of the novel Braille cell as outlined above provides 
the actuation necessary to present a palpable Braille cell 
dot for use in a Braille cell display. 

[0038] Jhe electroactive polymer bending elements of the 

present invention are fabricated based on the bending 
mechanism of the electrostrictive polymer and ionic con- 
ducting (IPMC) polymer actuator. In an exemplary embod- 
iment with reference to Fig. 5, the construction of the 
polymer bending elements includes providing a flexible 
electroactive polymer layer 85 secured to a substantially 
rigid material layer 90. The electroactive polymer layer 85 
further includes an array of microelectrodes 95 to enable 
the application of power to the bending element. In this 
exemplary embodiment, the array of microelectrodes 95 
are manufactured on the PVDF polymer thin film. The mi- 
croelectrode conductors are placed on one side of the 



polymer thin film using a photolithograph process. The 
positive and negative electrode conductors exist in alter- 
nate sequence with a common positive bus iOOand a 
common negative bus 105. The space between positive 
and negative electrodes is in a range of micrometers to 
allow a substantial electric field to be exerted between the 
electrodes. With this configuration of electrodes on the 
surface of the polymer film, the working voltage necessary 
for the operation of the device can be lowered dramati- 
cally. The asymmetric stress caused by the asymmetric 
electric field produces the bending of the polymer thin 
film and therefore the subsequent bending of the elec- 
troactive polymer bending element. 
[0039] Highly integrated, low cost, microelectronic processing 
technology is employed to make an array of the Braille 
cells for a Braille cell display. With reference to Fig. 6, a 
row of Braille cells are placed in an array resulting in a full 
page Braille display. As shown in Fig. 6, the Braille cells, 
when incorporated into an array, further include a tactile 
member cover 110. A tactile member cover 110 may be 
adapted for each individual Braille cell, or a tactile mem- 
ber cover 110 adapted for use with a plurality of Braille 
cells may be employed. When the Braille dot 75 is in the 



rest position, tlie bottom surface of tlie Braille cell is in 
contact with the top surface of the housing and the top 
surface of the Braille cell is flush with the top inner sur- 
face of the tactile member cover. Fig. 6 (a) illustrates a 
Braille dot in the rest position, being flush with the tactile 
member cover, and therefore inpalpable. Fig. 6(b) illus- 
trates a Braille dot 75 in the palpable position, with the dot 
raised above the tactile member cover no. 

[0040] In conclusion, a novel self supporting and hydraulic (SSH) 
system is invented in making the compact Braille cell 
which can provide over 30 grams supporting force, 0.7 
mm displacement for the Braille dot and less than 100 ms 
response time simultaneously. Using this novel Braille cell 
a full page Braille display which will demonstrate both 
Braille character and graphic information can be fabri- 
cated. The power consumptions is very low. The new 
Braille cell is made based on the electroactive polymer 
technology. Therefore, the fabrication process will be 
highly integrated. The cost for making Braille cell will be 
lowered dramatically. The new Braille cell is so compact it 
will be used in a variety places. 

[0041] It will be seen that the advantages set forth above, and 
those made apparent from the foregoing description, are 



efficiently attained and since certain clianges may be 
made in tlie above construction witliout departing from 
the scope of tlie invention, it is intended that all matters 
contained in the foregoing description or shown in the ac- 
companying drawings shall be interpreted as illustrative 
and not in a limiting sense. 
[0042] It is also to be understood that the following claims are 
intended to cover all of the generic and specific features 
of the invention herein described, and all statements of 
the scope of the invention which, as a matter of language, 
might be said to fall therebetween. Now that the invention 
has been described. 



